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A Comparative Study of the Physical and Chemical Properties of 
Melanins Isolated from Human Black and Red Hair 
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C. JosEPH KuRIAN, PH.D. 
Clinical Science Division, University of Toronto, Toronto, Ontario, and A lpha Laboratories, Don Mills, Ontario, Canada 
Some of the physical and chemical properties of the 
melanins isolated from human black and red hair were 
compared. Some of these properties were also compared 
with those of synthetic dopa melanin. Five samples each 
of black and red hair were used for isolating melanin by 
extraction with 2.5 M NaOH, and purification by repea ted 
precipitation with HCl and redissolution in NaOH. The 
proteins associated with the melanins were hydrolyzed 
by refluxing the melanoproteins in 6 M HCl. The melan-
oproteins from black and red hair had 55.8 ± 2.0% and 
41.5 ± 2.5% m elanin, respectively. Ther e was no statis-
tically significant difference be tween the amino acid 
compositions of the hydrolysates from black and red 
hair melanoproteins. The ultraviolet and visible spectra 
of red hair melanin showed significant differences from 
those of black hair m elanin and dopa melanin. Even 
though the overall spectra of red hair melanin showed 
some differences from those of black hair and dopa 
melanins, the results indicate a close similarity in the 
groups identifiable by the IR spectra. The compositions 
of C, H , N, S, and 0 in these melanins were determined. 
Red hair melanin contained more S than black hair 
melanin; dopa melanin did not contain any S. Black and 
red hair melanins oxidized NADH at approximately the 
same rate. Ultraviolet irradiation increased the oxida-
tion of NADH by red h air melanin to a greater extent 
than that by black hair melanin. These r esults show that 
although there are general similarities, there are signifi-
cant differences in the physical and chemical properties 
of melanins isolated from black and red hair. 
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Abbreviations: 
ESR: electron spin resonance 
Clinical experience has shown that there is a higher incidence 
of skin cancer and increased photosensitivity in people with red 
hair and light skin compared to those with dark ha ir and skin. 
This is generally attribu ted to the lower a mounts of mela nin 
present in the skin of the former group a nd/o r differences in 
the type of melanin in these individuals. It is widely accepted 
that light colored hair has predominantly pheomelanin, in 
contrast to the eumelanin usually present in dark hair [1-3]. 
Eumelanin is chemically different from pheomela nin , the most 
obvious difference being the higher sulfur content of pheome-
lanin compa red to eumelanin . It seems that there are two 
separate, but possibly interrelated, pathways for the biosyn-
thesis of these two types of mela nins. Eumelanin is synthesized 
by the oxidation of dihydJ"oxyphenylalanine (dopa) to dopaq ui-
none and a series of subsequent oxidation and polymerization 
reactions. On the other hand t he synthesis of pheomelanin 
proceeds via the condensation of dopaquinone with cysteine to 
produce cysteinyl dopa a nd the oxjdation and polymerization 
of cysteinyl dopa [1-6]. 
Chedekel and associates have shown that pheomelanin is 
degraded by irradiation with long-wavelength ultraviolet (UV) 
and visible light [7-10]. It has also been observed that under 
these conditions superoxide is form ed. We have recently con-
ducted a comparative study of the formation of superoxide 
during irradiation of eumelanin a nd pheomela nin (unpublished 
data). 
A number of reports have demonstrated that several eumel-
anins, synthesized fi·om different chemicals as well as those 
isolated fJ·om melanoma and human black hair, participate in 
oxidizing and reducing reactions [11-13]. The oxjdation of 
NADH by dopa melanin has been found to be increased by 
irradiation with visible light [13,14]. Compa1·ative data on the 
effects of UV or visible radiation upon th e NADH oxidation by 
pheomelanin is included in this paper. 
The eumelanins ru·e known to exhibit specific electron spin 
resonance (ESR) signals; these signals are enhanced by visible 
irradiation [15-17]. Recent comparisons of the ESR signals of 
eumelanin and pheomela nin have shown that there are signifi-
cant differences between the signals of eumelanins and pheo-
melanins [18- 20]. 
This paper describes a comparison of some of the physica l 
and chemical properties of melanins isolated fTom human black 
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a nd red ha ir. The effects of UV ir ra diation upon som e of these 
proper t ies a1·e a lso compar ed . 
MATERIALS AND M E THODS 
Prep aration of Melanins 
Human black and red hair were obta ined from volun teers, after 
ascerta ining tha t the hair had never been dyed. Five samples of black 
hair and 5 samples of reel ha ir from different volunteers were employed. 
Melanin from the hair was isolated according to the method described 
by Bo lt [21]. The procedure involved ex traction of the melanin wi th 
NaOH followed by repeated precipi tation of the melanin with HCI and 
redissolution of it in NaOH. This treatment removed a ll small M,. 
compounds; dia lysis of this preparation was not routinely employed 
since this was fo und to be unnecessary. The proteins associated wi th 
melanin were removed by hydrolysis by renuxing in 6 M HCI as 
described by Oikawa and Nakayasu [22]. The insoluble melanin was 
removed by centri fugation, resu pended in water, dia lyzed against 
water, and fina lly stored in distilled water. 
Melanin and Protein Determination. 
Five milligrams of each melanoprotein were suspended in 1.0 ml of 
constant-boiling HCI and hydrolyzed at 1l0°C for 24 h in evacuated 
sealed tubes. The insoluble protein-free melanin was removed by fi ltra-
tion using preweighecl 8.0-I'M Millipore fil te rs (Millipore Corporation, 
Bedford, Massachusetts). Each sample was then dried and the weight 
determined. The protein content was determined by direct ninhydrin 
analysis [23] on the fi ltrate. Bovine serum albumin (1 mg/ ml) was 
hydrolyzed in a similar manner and used as standard in the determi-
nation of protein content. 
A mino Acid A nalysis 
One milligram ofmelanoprotein was hydrolyzed with 1.0 ml constant-
boiling HCI at ll0°C for 24 h in evacuated ealed tubes. The hydJ·oly-
sate was analyzed wi th a Beckman automatic amino ac id analyzer, 
Model l2J, using norleucine as the in ternal standard. 
Elemental A na lysis 
The elementa l analys is of the melanins were canied out by Beak 
Consul tants, Ltd., Mississauga, Onta rio, Canada. C, H, N, and 0 were 
measured using a Perkin Elmer 240 element analyzer, whereas S 
content was dete rmined using a Leco SC-32 sulfur determinato r. Phos-
phorus was determined by acid digestion of melanin and measurement 
of the phosphate released by standard colorimetric method. 
Oxidation. of NA DH 
The ox idation of NADH was determined spectrophotometrica lly by 
measuring the decrease in absorp tion at 340 nm at room temperature 
[11,1.2]. The reaction mixture conta ined 1.0 ml of the melanin suspen-
sion (200 l'g/ml) , 0.3 ml of l.28 mM NADH, and 1.7 ml of 0.1 M 
phosphate buffer pH 7.4 in a total volume of 3.0 mi. The blank 
contained all the components of the reaction mixture except NADH. 
They were then irradiated for different lengths of time as specified. 
Irmdiation of M elanin. 
Melanin samples at a concentration of 200 ftg/ ml in 0.1 M phosphate 
buffer were irradiated at 37°C using a Westin'ghouse (400 W) mercury 
vapor lamp (H33C0-400) . Samples were placed 14 em from the irradia-
tion source. The irradiances of this lamp at 3 different wavelengths are 
given in a previous paper [24]. 
Abso1ption. Sp ectra. of Melanins 
Melanins a t a concentration of 200 l'g/ml in 0. 1 M phosphate buffer 
were brought to pH 1 with 3.0 M HCI and centrifuged at 2000 g fo r 10 
min in a clinical centrifuge. The resul t ing pell ets were either dissolved 
in appropriate volumes of Soluene-100 (Packard Instruments Co. Inc.) 
for UV-VlS spectra or dried, mixed wi th KBr, and pressed in to discs 
for infra red spectroscopy. 
RESULTS 
Melanin and Protein Contents 
The compositions of the m elanoproteins isola t ed from black 
a nd red ha ir in terms of m ela nin a nd protein contents were 
d ete rmined. The m elanoproteins were subjected to acid hy -
drolysis and the a mounts of the m ela nins remaining in the 
residues were de termined by dry we igh t. The percen tages of 
these wi th respect to th e dry weigh ts of th e m ela noproteins 
were calculated . The a mounts of t h e proteins hydrolyzed were 
determined by the ninhydrin m eth od. These r esul ts sh owed 
t hat t h e m ela nin conten ts of t h e m e la noproteins fr om black 
h air a nd r ed h a ir wer e 55.8 ± 2.0% a nd 41.5 ± 2.5% (m ea n ± 
SEM) , respective ly. Con versely, th e protein con ten ts o f t hese 
me lanoproteins were 45.0 ± 1.5% a nd 57.5 ± 2.7%, respectively. 
The sums of th e m ela nin a nd prote in contents determined as 
a bove were found to be 100.8% and 99%, respectively . 
A mino A cid Compositions of the M elanoproteins Isolated 
from Black and R ed Hair 
The compositions of t h e supernatants from th e acid hydrol-
ysis of th e m ela noproteins m ent ioned above ar e given in T able 
I. The results were a n alyzed as follows. The per cen tage com-
position in terms of nmol of each a mino acid in compaJ·ison to 
th e tota l a mount of aJnino acids was calculated for each sample 
of black and red h air m ela nopro te in . The m ean a nd t h e stan -
dard error of m ean of t he above values for each a mino acid in 
the black hair m elanoprote in samples a nd in t h e r ed ha ir 
m ela noprotein samples were calculated . The ra tio of t h e m ean 
percentage composition of ea ch amino acid in t h e r ed ha ir 
m ela noproteins to tha t in the black h a ir m ela noproteins was 
calcula ted . The s ta tistical s ignificance of the difference between 
t he percentage composition of each amino acid in r ed hair 
m ela noproteins a nd t hat in black ha ir m ela noproteins was 
calcula ted using Studen t's t-test. The resul ts a re presen ted in 
T a ble I. It was found that al t h ough some differences were found 
be tween the va lues for the preparations from black hair a nd 
those from red hair, these differ ences were not s tatisticall y 
significant a t 90% confidence leve l. · 
Ultraviolet, Visible, and Infrared Spectra of Blach H air and 
R ed Hair Melanins 
The UV a nd vis ible spectra of black ha ir a nd r ed h a ir m ela -
nins as well as dopa m ela nin ar e give n in Figs 1 a nd 2. The 
spectrum of the black h a ir m ela nin did not show a ny distinct 
pea k at 280-700 nm; t he a bsorba nce gra dually decreased in t his 
ra nge. The spectrum of t his m ela nin was simila r to t h e spectrum 
of dopa m ela nin. 
The spectrum of red h air m ela nin decr eased m ore rapid ly 
from 280-370 nm and from 400-700 nm. At 370-400 nm t h e 
spectrum showed a dist inct shoulder. The differences between 
these spectra aJ'e seen more clearly in Fig 3, in which th e first 
deriva tive of th e absorbance with respect to t h e wa velength is 
plotted against wavelength. This shows that the spectrum of 
dopa melanin is s imila r to th at of black h air m ela nin . The 
decrease in the absorba nce of t h e red h a ir m ela nin with increas-
TAB LE I. A mino acid compositions of melanoproteins isolated from 
hum an blacli and red hair 
Percent nmol (mean ± SEM) 
Amino acid 
Black hair Reo hair Red hair/ bl ack hair 
Lysine 4.41 ± 0.10 4.61 ± 0.30 1.05 
Histidine L. 25 ± 0.02 l.ll ± O.I 2 0.89 
Arginine 7.38 ± 0.10 6.81 ± 0.25 0.92 
Aspartic acid l0.08 ± 0. 13 9.70 ± 0.04 0.96 
Threonine 6.40 ± 0.11 5.96 ± 0.19 0.93 
Serine 7.58 ± 0.14 8.03 ± 0.43 l.06 
Glutamic acid 18.05 ± 0.42 21.52 ± 0.67 1.19 
Proline 1.13 ± 0.05 1.31 ± 0.17 1.16 
Glycine 4.73±0.40 4.35 ± 0.23 0.92 
Alanine 7.89 ± 0.10 7.79 ± 0.36 0.99 
Valine 8.08 ± 0.14 7.47 ± 0.38 0.93 
Methionine 1.27 ± 0.07 1..21 ± 0.27 0.95 
Isoleucine 5.01 ± 0.10 4.61 ± O.ll 0.92 
Leucine 10.83 ± 0.25 11.97 ± 0.36 l.ll 
Tyrosine 2.74 ± 0.16 2.82 ± 0.37 1.03 
Phenyla lanine 3.10 ± 0.09 2.95 ± 0.04 0.95 
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FIG I . Ultraviolet and visible spectra of black hai1· melanin and dopa 
melanin. Black hair melanin was irradiated for 30 and 60 min. Nonir-
radiated samples of black hajJ· melanin and dopa melan in were used as 
controls. The melanins were precipitated by add ing 3 M HCl to pH 1; 
the precipi tates were dissolved in Solune- LOO to give a final concentra-
tion of 200 f.!g / ml. .. ..... : Dopa melanin; --------: nonirradiated black hair 
melanin; --: hair melanin irradiated for 30 min; __ : hair melanin 
irrad iated for 60 min. 
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FIG 2. Ultraviolet and visible spectra of reel hair melanin and dopa 
melanin. Red hair melanin was irradiated for 30 and 60 min. Nonirra-
cliated samples of red hair melanin and dopa melanin were used as 
controls. The melanins were precipitated by adding 3 M HCl to pH I ; 
the precipi tates were dissolved in Soluene-100 to give a final concen-
tration of 200 /.tg/ ml. .. .. ... :Dopa melanin; -------- : nonirrad iated red hair 
melanin; --: hair melanin irradiated for 30 min ; __ : hair melanin 
irrad iated for 60 min. 
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ing wavelength and t he peak in the first derivative of the 
absorbance, corresponding to the shoulder, are obvious. 
The infnned spectra of 5 samples each of black hair a nd red 
ha i1· melanins from different individuals were determined. A 
typica l spectrum for each of the a bove mela nins is given in F ig 
4. The intensity of the broad ba nd at 3600-3200 em- ' decreases 
a fter drying at 105°C for 3 h. 
Elemental Analysis 
The composit ions of t he elem ents C, H, N , S, a nd 0 in the 
black hair mela nin and red hair mela nin were determin ed . The 
empiTical formulae for these mela nins were calculated. T he 
results are shown in Table II. The mean a nd the standard e rror 
of mean of the results from 3 samples are given. The mean 
values are used for calculation of the empirical formu lae. Taking 
N as the lowest integral number, th e empirical formulae for 
these melanins were calculated. It was decided to take N as the 
lowest integral number, instead of S, because the amoun t of 
S present, especially in black hair me la nin , was too low to per-
mit accurate calculation of the formulae. The e mpirical for-
mulae for blac k and red hair mela nins were found to be 
c~,1H:17N So.~I;O., a nd C:,~Hc, .,NSa.c,O ., , respectively. The a mounts 
of P in the mela nins from black a nd red hai1· were found to be 
0 
- 0 .02 
- 0.04 
- 0 .06 
<( 
<I 
- 0.08 
-0.10 
- 0 .12 
310 
I 
I 
I 
? 
350 
RED HAIR MELANIN 
BLACK HAIR MELANIN 
DOPA MELANIN 
390 430 470 510 
Wavelength nm 
FIG 3. First derivatives of absorp tion spectra of dopa melan in, black 
hair melanin, and red hair melanin ........ : Dopa melanin; --: black 
hair melanin;-·- · -·- : red hair melanin . 
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FIG 4. Infrared absorp tion spectra of dopa melanin, black hair mel-
anin, and red hair melanin. --: Dopa melanin; __ : black hair 
melanin; --: red hair melanin . 
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TABLE II. Elemental analysis of melanins from human blacli. and red hair 
Percent composition Empirical 
formula om pound c H N s 0 
Black hair melanin 
Hed ha ir malanin 
Dopa mela nin 
Dopa 
68.0 ± 0.03 8.72 ± 0.44 3.71 ± 0.46 2.03 ± 0.27 15.40 ± 0.36 C".,H:nNSu.""O' 
C,,"Ho.,N So .oO., 
C,H ,,NO,, 
C9H,NO., 
C"H;N 
C,,H1NO" 
C,.H 7NO., 
64.9 ± 2.31 9.11 ± 0.26 2.44 ± 0.13 8.46 ± 3.70" 11.50 ± 0.63 
Indole 
Dihydroxyindole 
Dihydroxyindole 
carboxylic acid 
Cysteinyl dopa 
47.2 3.02 7.82 0.06 41.9 
"The S contents of the 3 samples of red hair melanin analyzed were 7.8%, 15.1%, and 2.5%. 
negligible (0.005% and 0.01 %, respectively). Noncombustible 
ash could not be detected in either mela nin. Compru·ative 
formula for dopa melanin was found to be C1Hr.NOr,. The 
formulae for a few precursors and intermediates in the biosyn-
thetic pathway for melanin are also shown in Table II for 
comparison. 
Effects of Ultraviolet Irradiation on the Oxidation of NADH 
by Blach Hair and Red Hair Melanins 
The effects of UV irradiation on t he ox idation of NADH by 
black hair melanin and red hair melanin are shown in T able 
III. The results are given in terms of nmol of NADH oxidized 
by each mela nin after irradiation foi· 30 and 60 min . For controls 
the mela nins were incubated in the dark for the same periods 
of time. The changes in the NADH oxidation produced by 
irradiation were calculated with respect to t he values after 
incubation. It was found that irradiation of black hair mela nin 
increased the NADH oxidation to t he extent of 184% and 205% 
(control being taken as 100%) after 30 and 60 min, respectively. 
The irradiation of red hair melanin under s imilar condi tions 
increased the oxidation of NADH to 383% and 578%, respec-
t ively. Statistical analysis of the results from 3 experiments 
showed that both the oxidation ofNADH by black hair melanin 
as well as red ha i1· mela nin was increased to a significant extent 
(p much less tha n 0.001). Moreover comparison of the effects 
of irradiation on the black hair mela nin and red hair melanin 
showed that the oxidation of NADH by red hair melanin was 
increased to a significantly larger extent than t he NADH oxi-
dation by black ha i1· melanin (p < 0.01). 
Effect of Ultraviolet Irradiation on the Ultraviolet and 
Visible Spectra of Blach and Red Hair M elanins 
The melanins were irradiated under the same condi tions as 
those employed for the experiments described above in Table 
III. The UV a nd visible spectra of the mela nins were recorded 
before a nd after inadiation for 30 and 60 min. Irradiation 
produced a general decrease in the absorbance of both melanins. 
The decreases in absorbance were ca lculated at 3 different 
wavelengths, viz. 300, 380, and 420 nm. It was observed that at 
each of these wavelengths the absorbance was decreased by 
approximately 10-15%. No statistically significant differences 
were found between the two melanins in this r espect. 
DISCUSSION 
A comparison of the above propert ies of the mela nins isolated 
from human black and red ha ir showed a few interesting points. 
In general, the resul ts showed similarities in most of the prop-
eJties of these melanins. However, significant differences have 
been observed in some of these properties. 
The percentage composition of me la nin and protein of me-
lanoproteins (prepru·ation of melanin prior to acid hydrolysis) 
was found to be different. Using the same iso lation procedure 
for both melanins, black hair melanoprotein was found to 
contain approximately 14% more melanin than red hail· melan-
TABLE III. Effect of irradiation. upon the oxidation-reduction 
properties of hair melanin 
Time 
(min ) 
30 
60 
30 
60 
30 
60 
NADH oxidized 
Black 
Incubated 
17.7±1.4 
100.0 ± 7.9% 
27. 1 ± 2.2 
100.0 ± 8.1% 
Irrad ia t-ed 
32.6 ± 3.12 
184.2 ± 17.6% 
55.5 ± 5.4 
204 .8 ± 19.9% 
Black t,.,1, ,. 
8.4 
8.8 
Heel 
Jncubated Irradiat ed 
40.5 ± 2.0 155.2 ± 4.6 
100.0 ± 4.9% 383.2 ± 11.4% 
49.5 ± 2.8 286.0 ± 6. 1 
100.0 ± 5.7% 577.8 ± 12.3% 
Red l n-r/ 1,.. 
40.5 
55.5 
L..,.,IJIIhl< ·l. 
22.3 
35.5 
The reaction mixtu res conta ining black or red ha ir mela nin and 
NADH were either incubated (inc) in the dark or irrad iated (irr). The 
amounts of NADH oxid ized are expressed in terms of nmol of NADH 
oxidized/ 200 ~tg melanin (mean ± SEM from 3 samples of hair). The 
results were compared in two respects. The amounts of N ADH oxidized 
by black hair melanin as well as red hai r melan in a fter irradiation were 
compared with the amounts oxidized after incubation . These resul ts 
are shown as Black t,,1;,,< a nd Red t,,.,., ,, <· S imilru·ly the a moun ts of 
NADH oxidized by red hair melanin after irradiation were compru·ed to 
the amounts oxidized by black hair melanin after irradiation. This is 
shown as t,-•. fl / hlm·k· 
oprotein. When these melanoproteins were refluxed with H Cl 
the proteins were hydrolyzed. Ana lyses of the amino acids in 
the hydrolysates showed no significant differences between t he 
percentage composit ions of the amino acids in the melanopro-
teins fTom black and red h air. 
The elemental analysis showed that red hair melanin con-
tained approximately 4.2 t imes the a mount of S compru·ed to 
the black hail· melanin. These resul ts are qualitatively imilar 
to the previous reports which showed that melanin isolated 
from t he hair of cattle with red hair had approximately 9 times 
the amoun t of Sin comparison to the mela nin from the hail· of 
cattle with black haiL It should be noted t hat the method used 
for the extraction of the melanins from cattle hail· [25] was 
different fTom the method employed in the present work. Stud-
ies with melanins from red feathers of bil·ds have shown ap-
proximately 10% S [6]. Restricting the comparison to our results 
concerning black and red ha ir melanins, it is obvious that the 
red hail· melanin has moreS tha n the black hail· melanin. T here 
was much more vru·iation in the S contents of the red hair 
melanin samples than variation in contents of other elements 
in black or red hair melanin. This is apparent from the standard 
error of mean for these results given in Table II. T his variation 
in the S content of the red hair melanin samples migh t be 
related to t he different shades of r ed hau·. It is highly probab le 
that human hail·, black as well a red, may contain both eu-
melanin and pheomelanin in varying proportions or alterna-
t ively may be copolymers of dopa a nd cysteinyl dopa in varying 
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T AB L E IV. A sum.m ary of the structural components of the melanins 
indicated by the infrared spectra 
Band frequency (em- ' ) 
Broad band 3600-3100 
-2950 and - 2850 
2700-2600 
1740-1720 
1680 
1620 
1460 
1438 and 1380 
1580 and 1450 
Stru ctural component 
May be due to water, phenols or amines 
aromatics 
Stretching of methyl and methylene 
NI-r+ 
CO, COOH, coo-, and a lso possible 5 mem-
bered ring ketone 
a-(J unsaturated ketone 
Pyrone ring, y-thiopyrone indole ring, qui-
none 
Bending of active methy lene group 
(CH2CO) or CH2 adjacent to the electrons 
attracting N+ or cyclopentane/cyclo-
hyxane ring 
Methyl and methylene bending 
Phenyl skeletal and methyl asymetric bend-
ing 
proport ions. Our r ecen t findings indicate t h a t this is indeed the 
case [19). 
T h e U V, vis ible, a nd infrared spectra of black a nd red h a il" 
mela nins a re closely s imilar to those of dopa mela nin . Even 
t hough t h e overa ll spectra of red h a il· m ela nin show some 
differe nces from those of black h ail· m ela nin a nd dopa m ela nin, 
the resul ts indicate a close similarity in the groups identifiable 
by the IR spectra. Though line broad ening and overlapping 
mak e accura te interpre ta tion difficult, the ba nds seen suggest 
t h e presence of a few structural components. These a re sum-
marized in T a ble IV. , 
Black hair and red h air m elanins oxidized NADH a t a pprox-
ima tely simila1; rates. The oxidation of NADH was increa sed 
by UV irr adiation of th e reaction mixture conta ining NADH 
a nd either me la nin. However, the oxida tion of NADH by red 
h air mela nin was incr eased to a gr eater exten t tha n that by 
black ha ir mela nin. UV irra diation of m elanins also d ecreased 
t he a bsorba nce of e it h er m ela nin in t he UV and visible r a n ge. 
But th e decrease in t h e a bsorba nce of the black h air m ela nin 
was not significantly different from t h a t of the r ed ha ir m elanin. 
Crippa e t a l [13] expla ined tha t increased oxidation of NADH 
by m ela nin could be due to the possibility that the UV irradia-
t ion increases the numl:>er of electrons promo ted energetically 
to cross the energy barr ie r for the oxidation of NADH. The 
present observation that the UV irra diation increased the oxi-
dation of NADH by red hair m ela nin to a grea ter ex tent than 
th at by black hail· m elanin indicates that t h e r ed h a ir m elanin 
can be induced to excited state m ore r eadily t ha n the black h air 
m ela nin . It is possible tha t the differences in th e chemical 
st r uctures of eumela nin a nd pheom ela nin m ay result in differ-
ences in t h e number and excita bility of the oxidizing a nd 
reducing groups as well as free radicals in these m ela nins. It 
has been r eported that irradiat ion of m elanin from red h a il" [8-
10] and dopa m ela nin [16,17] produ ce super oxide and hydl"ogen 
peroxide; the a m ounts of t h e peroxide form ed by these m ela nins 
under s imilar conditions h ave not been compar ed . Om recent 
findin gs show that more superoxide is form ed during the irra -
dia tion of r ed h air m elanin than that of black h air m ela nin. * 
The present observa tions showing a co mparative increase in 
t h e excitabili ty of r ed h a ir m elanin m ay be re la t ed to the lower 
protec tive effects of pheomela nin against the UV irradia tion 
resulting in several derma tologic disorders such as sunbmn, 
actinic elastosis, and skin can cer [26-28). 
The a bove results s how tha t ther e are differences in the 
ph.ysical and ch emical properties of m elanins isola t ed fr om 
black and r ed ha il·. The biologic significan ce of these differences 
be tween eumela nin and pheomelanin , which presuma bly could 
be of importance in understanding m any aspects of huma n 
pigmen t cell biology, is yet to be esta blish ed. 
* Persad S, Menon LA, Haberman HP: Comparison of the effects of 
UV -visible irradia tions of melanins and melanin-hematoporphyrin 
complexes from black and red hair. In preparation. 
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